ABSTRACT OBJECTIVE: To investigate the pulpal response to direct pulp capping in healthy human teeth with Portland cement (PC) as against mineral trioxide aggregate (MTA) as control. METHODS: Forty healthy human third molars indicated for extraction were randomly divided into two groups: PC and MTA. The teeth had iatrogenic pulp exposed and direct pulp capping with PC or MTA. After 1, 7, 14 and 21 days, the teeth were extracted and prepared for histological examination and bacterial detection. The Mann-Whitney test was applied for statistical analysis (p < 0.05). RESULTS: The MTA presented higher capacity to form of dentin bridges at 14-and 21-day intervals (p < 0.05). However, no significant statistical difference was found between the groups at all evaluated intervals (p > 0.05) for the response variables of inflammatory cells, soft tissue organization and bacterial staining. CONCLUSION: The PC has a biocompatibility equivalent to the MTA but with a lower capacity to form of dentin bridges. Therefore, MTA should be the material of choice for direct pulp capping.
INTRODUCTION
The search for biocompatible dental materials presenting good physical, chemical and mechanical properties is still ongoing. In Endodontics, this search has been intense [1] . Several studies have demonstrated that mineral trioxide aggregate (MTA) shows good physical, chemical, mechanical and biological properties [2] [3] [4] and its behavior has been largely investigated in several clinical applications [6, 7] .
MTA is largely composed of Portland cement (PC) [8] and proves to be the most suitable material for pulpotomy and sealing communications between the pulp cavity and periodontal ligament, favoring the periradicular repair region [9] . The similarity between MTA and PC is shown in their potential for biomineralization [10] , for sealing capacity [11] and in the pulp biocompatibility in animal experiments [12] . As these materials exhibit compatibility among their compounds, the possibility of clinical use of PC has been considered as an alternative to MTA [1] .
However, PC is still used sparingly due to gaps in the quality of the scientific evidence available regarding the use in humans, especially on their biocompatibility. Therefore, the purpose of this study was to evaluate pulp response (in vivo) of PC and MTA. For the null hypothesis was considered that there is no difference between the biocompatibility of MTA and Portland cement.
METHODS
This study was approved by the Internal Review Board (IRB) of the University of Pernambuco (Protocol No. 015/08), in accordance with the World Medical Association Declaration of Helsinki. The written information explaining the purpose of the study was signed by each volunteer of this study. This study was conducted in the city of Recife, in Pernambuco, northeastern Brazil.
Forty human third molars scheduled to be extracted for orthodontic reasons were selected from patients ranging from 19 to 31 years old. All teeth were examined clinically and radiographically. The criteria for inclusion in the study were the following: (a) patients who had not been exposed to previous endodontic treatment, (b) absence of caries and periapical lesions, (c) patients who had not been taking any drugs and (d) patients with no periodontal diseases.
The vitality of all teeth was tested with a thermal testing. ENDO-ICE ® frozen gas (Coltène /Whaledent Inc, Mahwah, NJ) was applied for 5 seconds on the buccal surface of the teeth scheduled for the pulp therapy as well as on the adjacent teeth. A single calibrated investigator selected and treated the subjects.
Thus, 20 teeth were intended to act as the experimental group, Portland cement (PC), and 20 teeth were intended to act as the control group, Mineral Trioxide Aggregate (MTA).
The method of randomization was performed to maintain a similar distribution of the number of teeth in each group. The teeth selected for the study were then described in a paper that was included in an envelope drawn up for each type of intervention.
The teeth were clinically treated by one examiner. The follow up histologic exams were performed by another calibrated examiner who was blind to the type of treatment. The patients were also blind to the type of treatment.
Under local anesthesia -Mepivacaine 2% with epinephrine 1:100.000 -(Mepiadre 100 ® , DFL, Brazil) and with a rubber dam properly positioned, occlusal cavities were prepared with the aid of sterile diamond burs (# 1015, KG Sorensen, Barueri, São Paulo, Brazil) at high speed under water/spray coolant. Pulp exposure was performed in the center of the pulpal floor with the aid of a round diamond bur under water-cooling (#1013, φ 1.2, KG Sorensen). One bur was used for each cavity. Bleeding was only controlled by abundant irrigation with a sterile saline solution followed by the application of a damp cotton pellet embedded in the saline solution.
In the PC group, the pulps were capped with Portland cement (CPII-F32 ® , Nassau, PE, BRAZIL). In the MTA group, the pulps were capped with grey MTA Angelus (Angelus ® , Londrina, Brazil). All materials were mixed at a 3:1 powder -distilled water ratio and placed onto the pulp wound. Light pressure was applied with a wet cotton pellet to secure the material. The cavities were subsequently sealed and restored with a glass ionomer (Vitromolar ® , DFL, Brazil).
In order to accomplish the evaluation of the evolution of pulp response by the histologic examination, a total of five teeth from each group were subjected to extraction in intervals of 1, 7 14 and 21 days after the treatment.
The apical thirds of all roots were sectioned in 5mm in order to assist the fixation in a 10% buffered formalin solution for 72hrs. Afterwards, the teeth were placed in sodium citrate buffered formic acid for demineralization. Tissue blocks were dehydrated and embedded in paraffin. Serial sections were cut at a setting of 5µm in a buccolingual direction and stained with hematoxylin and eosin (H/E) and Brown & Hopps (BH). The sections were blindly assessed by a pathologist according to the criteria previously established by Cox et al., [13, 14] and Akimoto et al., [15] ( Table 1) . The variables analyzed inflammatory cell response, soft tissue organization, dentin bridge formation and bacterial staining.
For the data analysis, normal distribution of quantitative data was checked using the Kolmogorov-Smirnov test, with the Mann-Whitney test being applied to compare the quantitative variables between groups. Statistical tests were performed with a margin of error of 5.0%. Data were stored on an EXCEL spreadsheet and statistics were calculated using the Statistical Package for the Social Sciences (SPSS) version 17 (IBM, Chicago, IL, USA).
On separate occasions, 10% of the sample was randomly selected to be re-examined for intra-examiner reproducibility. Intra-examiner reproducibility for pulp condition diagnosis was calculated by Cohen's kappa test. The kappa for the intra-examiner agreement was of 0.90. 
RESULTS
The data from the histological examination are summarized in Table 2 . Both groups performed well in terms of histological pulp findings. However, based on statistical analysis, MTA demonstrated to have a higher dentin bridge formation capacity than PC at intervals of 14 (p = 0.015) and 21 days (p = 0.014).
After 21 days, only one case of PC group exhibited dentin bridge formation; however, such bridge was found at some distance from the pulp-PC interface ( Figure 1A) . A tubular dentin bridge formation was also observed below the exposure area in two tissue sections. (Figure 1B) .
However, on all other variables regarding pulp response (inflammatory cell response, soft tissue organization, dentin bridge formation and bacterial staining) no significant statistical difference was found between the MTA and PC groups in all assessment intervals.
DISCUSSION
The null hypothesis of this study was not supported by the present report. It was observed that MTA and PC pulp cements have statistically different responses. As for the pulp response of human teeth, MTA presented better results regarding the formation of the dentin bridge. But no statistically significant difference was found in all other parameters evaluated (inflammatory cell response, soft tissue organization and staining bacterial), which shows an equivalent biocompatibility for these. Bacterial  staining  p value  1  2  3  4  1  2  3  4  1  2  3  1  2 Recent findings of studies where MTA had been compared with Portland cement have shown that both materials seem to be almost identical in relation to the physico-chemical, mechanical and biological properties [16, 17] However, it was not confirmed in our study for dentin bridges formation. The MTA showed to be able to form more uniform and continuous bridges just below the pulp-material interface ( Figure 1B) . The PC formed irregular dentine bridges and some distance from the material interface ( Figure 1A) .
Although the precise mechanism by which PC induces hard tissue bridge formation is not completely understood, there are hints that the mechanism of initiation of reparative dentinogenesis in capping with PC and MTA cement is somehow similar [17, 18] . Their ability to support dentin bridge formation may be attributed to their excellent sealing ability. Some authors have reported that both MTA and PC release calcium ions when in contact with tissue fluids, thus promoting an alkaline pH [17] [18] [19] [20] [21] .
This Interaction produces calcium silicate hydrate gel and calcium hydrate, which would explain why MTA, PC, and calcium hydroxide cause similar tissue reactions [22] . Despite the fact that both materials performed well in terms of histological pulpal findings, this work could not reject the fact that a faster hard tissue bridge formation occurred when MTA was used. A significant difference was observed between MTA and PC after 14 days. Thus, it seems that MTA takes advantage in producing patterns of healing in a shorter period of time [23] .
Takita et al. [24] found that the continuous release of calcium ions by MTA is directly related to the induction of proliferation by human dental pulp cells. According to Faraco and Holland [25] , the presence of necrotic tissue nearest to the dentin bridge formation suggests that PC and MTA initially cause necrosis by coagulation in contact with the pulp connective tissue. Such reaction might occur because of the high alkalinity of the products, with a pH close to 9-10 [19, 20] . This pulp response was found in our study in until seven days for both materials.
No significant difference regarding the presence of microorganisms was found among the groups evaluated. This means that the bacteriostatic action of PC and MTA [19, 26] was enough to reduce the number of viable bacteria near the pulp exposure. There was also no statistically significant difference (p < 0.05) between the cements analyzed for the variables inflammatory cell response and the soft tissue organization for all assessment intervals, which indicates an equivalence in these parameters' biocompatibility.
CONCLUSION
The evaluation of the pulpal response in human teeth showed that the PC has a biocompatibility equivalent to the MTA, but with a lower capacity to form of dentin bridge. Therefore, MTA should be the material of choice for direct pulp capping.
